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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
ADVANCE RESTRICTED REPORT 

A COOLING CORRELATION OF THE WIGHT R-2600-8 ENGINE SHOWING 
THE EFFECT OF V/ATER AS AN INTERNAL COOLANT 
By Robert J. Koenig and Helmuth W. Engelman 


SUMMARY 

Object* - To establish a correlation of the cooling character- 
istics of the Wright R-2600-8 engine with water as an internal 
coolant and to investigate methods of introducing the water. 

Scope. - Tests were conducted at powers ranging from 60 to 
137 percent of normal rated power. The fuel-air ratio was varied 
from 0.053 to 0.116, and water was added to a water-fuel ratio of 
1.0 by two methods: (l) by injection into the carburetor spray 

bar with the fuel and (2) by continuous injection to the individual 
cylinders through nozzles located in the primer-plug openings. 
Estimates are made of the temperature-limited power with and with- 
out water. 

Summary of results. — A cooling correlation, including the 
effect of water as an internal coolant, was established by use of 
the NACA cooling-correlation method. A substantial increase in 
temperature-limited power was obtained by use of water injection; 
however, at constant charge— air flow and fuel— air ratio, a power 
loss was noted. This loss did not exceed U percent except at fuel- 
air ratios greater than 0.10 or water-fuel ratios greater than 0.25* 
When water was injected through nozzles located in individual primer- 
plug openings, the power loss was less than when injected through 
the carburetor spray bar with the fuel. The spread of temperatures 
among the various cylinders increased when water was injected, even 
when equal amounts of water were injected to each cylinder. 


INTRODUCTION 

It has been known for some time that the addition of water to 
the mixture charge of a soark-ignition engine raises the knock-limited 
power and also has an internal-cooling effect. Considerable work 
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has been done, particularly in recent years, toward evaluating the 
effect of internal coolants on knock and cooling. Doth effects were 
investigated in reference 1 in single-cylinder tests of a G200 cyl- 
inder from a Wright R-1820 engine. The effect of water as an inter- 
nal coolant was determined in a Pratt k Whitney R-2d00 engine and 
was presented by use of the MAC-A cooling-correlation method in 
reference 2. In both reference 3 and reference 1+, the use of water 
injection in place of enrichment of the fuel-air mixture is dis- 
cussed as a means of improving fuel economy at high cruising powers. 

The object of the tests reported herein was to establish a 
cooling correlation with and 'without water injection for the 
Wright R-260C-1 engine, by means of which cooling requirements could 
be calculated. The tests were conducted at the NACA Cleveland labo- 
ratory dur ing June and July of 191+3 • 


APPARATUS 

Some of the pertinent characteristics of the Wright R-260G-8 
engine used for the tests are as follows: 

Type lU-cy Under, 2-row, air-cooled radial 


Bore, inches 6. 12 5 

Stroke, inches 6. 312 

Compression ratio 6.35 

Supercharger: low gear ratio 7.06:1 

high gear ratio 10.06 :1 

Impeller diameter, inches 11.00 

Grade of fuel required 95-octane 


The engine was fitted with standard baffles. A Bendix- 
Stromberg PT-13E2 injection-type carburetor and a Hamilton Standard 
constant-speed propeller were used for the tests. The propeller was 
a three-blade test club having the same general blade profile as a 
flight propeller but with the tips cut off. Cooling air was drawn 
across the engine by an exhauster fan. Figures 1 and 2 show the 
engine installation. 

Two separate systems for injecting water were provided: one 

for feeding the water into the carburetor spray bar and the other 
for injecting the water in continuous sprays to the individual cyl- 
inders through simple nozzles located in the primer-plug openings. 
The total flew of water injected by either method was measured by a 
rotameter, and individual flows to each cylinder were measured by 
orifices. Control was entirely manual. The pressure at the water- 
supply tank was maintained at approximately 50 pounds per square 
inch gage. 
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The charge-air flow was measured with a standard flange-tap 
orifice installation (reference 5) with interchangeable 6-inch and 
11-inch orifice plates. A means of controlling engine charge-air 
temperature was provided and a separately driven auxiliary blower 
was available to supply additional supercharging when required. 

The pressure drop across the engine was measured by pressure 
tubes located as shown in figure 3» Shielded total-pressure tubes 
were located on cylinders 2, 6, 8, and 12 and static-pressure tubes 
on cylinders 1, 7. and 11. The pressure drop across the heads 

was taken as the difference A - B (fig. 3 ) and the pressure drop 
across the middle barrel as C - D (fig. 3). Figure b is a sketch 
of the type of spark-plug-gasket thermocouple assembly used for the 
tests. Thermocouples were also spot-welded to the middle of the 
barrel and to the base flange at the rear of each cylinder. 

The usual instruments and controls were used for the engine. 

In addition, several refinements were incorporated. An air bleed 
added to the carburetor metering system permitted a vernier adjust- 
ment of fuel flow and allowed the setting of fuel-air ratios lower 
than the normal automatic-lean setting. A barometric-type mercury 
manometer and a flight instrument indicated manifold pressure. 
Engine speed was measured by an electric counter and a tachometer. 
The torque was measured by a Wright torque indicator in which oil 
pressure on a piston is balanced against the reaction on the sta- 
tionary element of the nose reduction gear train. 


The NACA cooling-correlation method is used to present the 
cooling characteristics of the Wright R-2600 engine as determined 
by these tests. The development of this method is given in ref- 
erences 6, 7, and 8. 

The correlation equation is of the form 


T reference cylinder temperature, °F 

T^ is used for average indication of lb rear spark-plug- 
gasket thermocouples and Tb is used for average indication 
of lb rear middle-barrel thermocouples. 


ANALYSIS 



( 1 ) 


where 


u 
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T a stagnation temperature of cooling air in front of engine, C F 
T_ mean effective gas temperature, °F 
C constant 

Me weight flow of engine charge air, pounds per second 

a ratio of density of cooling air in front of engine to density 
of standard sea-level air 

Ap cooling-air pressure drop, inches of water 

Pressure difference between mean total pressure at face of 
engine and mean static pressure at rear of rear-row cyl- 
inders (fig. 3). Pressure drop across cylinder heads is 
equal to A - 5; pressure drop across cylinder barrels is 
equal to C - D. 

The mean effective gas temperature Tg represents the average 

gas temperature effective in the transfer of heat from the gases 
within the cylinder chamber to the cylinder walls. For engines 
operating with a fixed spark advance, the quantity Tg is principally 
dependent on the fuel-air ratio and the temperature of the charge 
entering the cylinder. 


The method of handling the Tg quantity, which has been success- 
fully used in the correlation of numerous data obtained for a large 
number of air-cooled engines, is as follows; 


T- 

b 



. 4T g 


where Tg^ is the mean effective gas temperature for 80 c F charge- 
air temperature without supercharger . 


(a) A reference T„ value of 11^0° F for the cylinder heads 

n fe 80 

and of 600° F for the cylinder barrels is chosen for a fuel-air 
ratio of 0.C8 and a manifold temperature T m of 80° F from previous 
correlation work. Small differences in the choice of this reference 
T_ value d; not seriously affect the accuracy of the correlation. 
b 80 

Instead, it is much more important once the standard value has been 


adopted that an accurate establishment of 
the pertinent variables be determined. 


the 


variation with 


(b) The variation in T for the heads and the barrels with 

g 80 

fuel-air ratio must either be determined in individual cooling tests 
or must be known from previous tests on the same engine. 
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(c) The variation in Tg with T m , which was determined for 
a bright 102O-G engine and which has since been used with good 
results on many current air-cooled engines, is given simply by the 
relation 

ATg * 0.8 AT m = 0.8(T ra - 80) (2) 

for the cylinder heads and for the cylinder barrels in low blower 
gear ratio, and by the relation 

AT g = 0.^ AT m = 0.5(T m - 80) (3) 

for the cylinder barrels in high blower gear ratio. 


The manifold temperature T m is calculated from the carburetor 
inlet-air temperature T c and the theoretical blower temperature 
rise, assuming no fuel vaporization. This relation is given as 
follows : 


T m = T c + 


c p Jg 


where 


U blow'er tip speed, feet per second 

c specific heat of air at constant pressure, 0.2U, Btu per pound 
P per °F 

J mechanical equivalent of heat, 778, foot pounds per Btu 
g acceleration due to gravity, 32 . 2 , feet per second per second 
that reduces to 


T m - T c + 19 ( - L f (' 

ra c V1000 J 

for low blower gear ratio (where N is engine speed in rpm) and 

= l c + ^8 « 2 ^ 


for high blower gear ratio. 
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TEST PROCEDURE 

In order to establish the cooling correlation, three types of 
run were made : 

1. External cooling was varied, with fuel-air ratio, engine 
speed, carburetor-air temperature (the factors affecting Tg) and 
charge-air flow held constant, to determine the response of engine 
temperatures to the external flow of cooling fluid. 

2. Charge-air flow was varied, with fuel-air ratio, engine 
speed, carburetor-air temperature, and cooling-air flow held con- 
stant, to determine the response of engine temperatures to the 
internal flow of heating fluid. 

3. Fuel-air ratio was varied, with charge-air flow, cooling- 
air flow, engine speed, and carburetor -air temperature held constant, 
to determine the effect of fuel-air ratio on mean effective gas tem- 
perature and on engine temperatures. 

In addition to the correlation on the basis of head temperatures, 
a correlation made on the basis of rear middle-barrel temperatures 
is included. It is believed that the rear middle-barrel temperature 
is a criterion of piston, piston ring, and cylinder-wall temperatures. 
The relation between average middle-barrel temperatures and average 
base temperatures was inconsistent, but a practically constant dif- 
ference of 20° F existed between the hottest base temperature and 
the hottest middle -oar r el temperature. This relation makes it pos- 
sible to use the base -temperature specifications of the engine manu- 
facturer in the correlation. 

The cooling-correlation tests were only a part of the water- 
injection test program but, after the correlation runs, all additional 
tests with or without water injection could be correlated. 

In most of the water-injection runs fuel flow, charge-air flow, 
cooling-air pressure drop, and engine speed were held constant with 
water flow as the primary variable and power and cylinder temperatures 
as the dependent variables. Values of T,, for various water-fuel 
ratios were calculated from the cylinder temperatures. Water-fuel 
ratio was increased to the point, where a cylinder began to drown out 
(as noted from the exhaust flames) for all carburetor-injection runs 
and in most cases for equal individual cylinder-injection runs. 

Other tests were made to determine power limits at constant fuel- 
air ratio and cooling-air flow. The power was increased as the water 
was added to maintain the engine at its temperature limits. 
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RESULTS AND DISCUSSION 
Cooling Correlation 

Figure £ is a construction curve used to determine the relation 
between cylinder-head temperature and the external flow of cooling 
air; the slope establishes the value of the exponent x in the 
equation 




a Ap x 


(6) 


where M e and Tg are constant. 

The construction curve used to determine the relation between 
cylinder-head temperatures and charge-air flow is shown in fig- 
ure 6; the slope establishes the value of the exponent m in equa- 
tion (6) with a Ap and T_ held constant. 

o 

Figures 7 and 3 are similar construction curves for the corre- 
lation of cylinder-barrel temperatures with cooling-air flow and 
charge-air flow. The equation 



has been plotted in figure 9 for both cylinder-head and rear middle- 
barrel temperatiu-es . The numerical evaluation of the equation for 
the cylinder heads (fig. 9(a)) is 


T 

f 


h 

g 



0 .£\ 


<, 1.73 V 

2 J 

o.Apy 


0.3133 


and for the barrels (fig. 9(b)) is 


T b - T a 
T g " T b 


= 0 


6 2 - A 0 - 2 * 00 


(3) 


(9) 


Figure 10 shows the variation of mean effective gas temperature 
with fuel-air ratio. The effect of water upon mean effective gas 
temperature is given for the heads and the barrels in figures 11(a) 
and 11(b), respectively, over the range of fuel-air ratios tested. 
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The figures were obtained by cross-plotting from figure 12. The 
actual test points are shewn in figure 12 by a plot of mean effec- 
tive gas temperature against water-fuel ratio for constant fuel -air 
ratios. Figure 11(a) shows that the change in T „ for the cylinder 

o 

heads is a linear function of the quantity of water injected for 
water-fuel ratios less than 0.6. Additional amounts of water cause 
progressively less change of Tg. Figure 11(b) shows that for the 
cylinder barrels, as the water -fuel ratio is increased, each addi- 
tional equal amount of water causes a progressively greater change 
of Tg. The calculated curves of figure 11(a) were obtained by the 
method presented in appendix A. 

In figure 13- indicated specific air consumption has been 
plotted against fuel-air ratio. The curves for the various water- 
fuel ratios were crost. -plotted from figure lLu The indicated horse- 
power was computed from the brake horsepower by a method fully 
described in a later pawof the report. Figure lU shows that the 
less of power at the high water -fuel ratios is much less with 
individual cylinder injection than with carburetor injection. The 
drop in power is also less at Mean mixtures than at rich, as indi- 
cated by the slope of the curves. The high-power runs are labeled 
on figure 13 to show that the relation Me/ihp is a function of 
fuel-air ratio and water-fuel ratio and independent of power. 

The temperature pattern (rear spark-plug-gasket thermocouples) 
of the cylinders for a wide range of fuel— air ratios, engine speeds, 
and powers without water injection is shown in figure l£. The tem- 
perature spread does not appreciably increase at high powers and 
rich mixtures. 

Figure 16 (a) shows the variation of the hottest rear spark- 
plug-gasket temperature and the hottest rear middle-barrel tempera- 
ture with the average temperature for the heads and the barrels. 

This curve must be used when calculating a ccoling condition without 
water injection because the correlation is based upon average tem- 
peratures . Figures 16(b) and 16(c) give the relation of the hottest 
to the average lemperature for heads and barrels for the two methods 
of water injection used. The difference between the hottest and the 
average temperature is greater with water injection than without. 


Cooling-Performance Predictions 

The curves presented in this report give a cooling correlation 
for the Wright R-2600-8 engine including the effect of water injec- 
tion as an internal coolant. From the correlation it is possible 
to calculate the coding performance of the engine at any power, 
with or without water, or to calculate the temperature-limited power 
at various conditions. 
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Operating conditions as specified by the Wright Aeronautical 
Corporation for the R-2600-8 engine are: 


Power condition 

Erake 

horsepower 

Limiting 
cylinder- 
head tem- 
perature 

(°F) 

Limiting 
cylinder- 
base tem- 
perature 

' (°F) 

Carburetor- 

mixture 

setting 

Take-off 

1700 

U 75 

525 

Automatic rich 

Normal-rated 

1500 

U25 

500 

Do. 

7^-percent cruise 

1125 

Uoo 

275 

Do. 


The pressure drop required to cool to limiting head tempera- 
tures is given in table 1 for four power conditions: take-off 

power , maximum engine temperature-limited power with water injection, 
and 75 percent cruise power with and without water injection. The 
fuel-air ratios given in table 1 for take-off power and for the 
cruise condition without water injection were obtained by operating 
the engine at the specified conditions. The cooling-air pressure 
drop required for take-off power without water injection was used 
in the calculation involving water injection. These calculations 
are for the engine without any alterations. 

Supercharger capacity is the principal limitation on the maxi- 
mum power available and, for this reason, the charge-air flow corre- 
sponding to wide-open throttle was used. The limiting value of Tg 
was then calculated and the combination of fuel-air ratio and water- 
fuel ratio was selected to give the lowest possible indicated specific 
air consumption at that value of Tg. The calculation is given in 
appendix B. The cruising-power condition at a fuel-air ratio of 0.06 
and a water— fuel ratio of 0*3 was calculated on the basis of extrap- 
olated values of the data of figure 11. A saving of 25 percent in 
fuel consumption is indicated without an increase in total liquid 
consumption. The cruise condition is further discussed in refer- 
ence 3« 


The capacity of the supercharger provided on the Wright R-2600-8 
engine is given in figure 17 in terms of charge-air flow and mani- 
fold pressure at NACA standard altitude conditions. These curves 
were plotted from data on the calibration of the Wright R-2600-8 
engine obtained by Sanwald and Strong at the Aircraft Engine Labo- 
ratory of the Naval Air Materiel Center, Naval Air Experimental 
Station (Philadelphia, Pa.). The curve for sea level was obtained 
by extrapolation. 
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In order to use the correlation, it is necessary to know,the 
charge-air flow Mg for various operating conditions. Because 
charge-air flow is not usually specified, a simple method involving 
the relation of charge-air flew and indicated horsepower can be 
used to ootain a close approximation of charge-air flow for use in 
conjunction with the following equation: 


ihp = bhp + 




( 10 ) 


where 

ihp indicated horsepower 
bhp brake horsepower 

A constant proportional to engine friction 

B constant proportional to blower power 

p s -^ barometric pressure at sea level, inches of mercury absolute 

fait barometric pressure at altitude, inches of mercury absolute 

The coefficient of friction power A in equation (l(D) has been 
calculated for the Wright R-2600-8 engine cn the basis that the 
engine friction, without charge air and blower, absorbs lUa horse- 
power at 2HC0 rpm. It is assumed that all the friction is laminar 
fluid friction within the oil film between moving parts and that the 
friction power therefore varies as the square of the engine speed: 


A = lu[l = 2? 

(2.U) 2 


( 11 ) 


The coefficient of blower power B was calculated by equating 
blower power and the rate of energy input to the charge air. The 
gear-drive efficiency was taken as 8? percent. 


Blower ho 


(0.3?) (??0) 




(impeller diam.) (blower gear ratio) 




"So 


- B Mg 


AilA 2 

Viooc/ 


3600g 

( 12 ) 


with B equal to 2.12 for low blower gear ratio and li .31 f° r high 
blower gear ratio. 
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The constant C is used in connection with the variation of 
power due tc changes in exhaust back pressure with altitude 


hp - (70.7)(engine^dis^lacemenU . . PaU ) N (15) 


C = 1.6l 


where 

70.7 constant converting inches of mercury to pounds per square 
foot 

The constants in equation (10) are not intended to be used 
individually for the calculation of friction and blower power or 
the power gained from decreased exhaust back pressure. The varia- 
tion of Me/ihp with fuel-air ratio is shown in figure 13* The 
curves of figure 13 were calculated from measured values of charge 
air and values of indicated horsepower computed by use of equa- 
tion (10 ) • In the calculation of cooling and power performance from 
other cooling and power data, errors in the constants of the indicated- 
horsepower equation tend to be nullified although the computed value 
of indicated horsepower may not be exact. 

Useful values of indicated specific air consumption may also be 
calculated on the basis of equation (10) . The values used in the 
present report apply only to the Wright R-2600-8 engine. 

Charge-air flow may be estimated in four steps by means of equa- 
tion (10) : 

1# Indicated horsepower is computed from the known brake horse- 
power at an assumed mechanical efficiency of 8^ percent. 

2. A value of M e is calculated from the estimated indicated 
horsepower and the value of Me/ihp at the known fuel-air ratio. 

3. From the estimated value of M e , indicated horsepower is 
calculated from equation (10) . 

U* From this more exact estimate of indicated horsepower, the 
charge-air flow is computed. If the discrepancy between the first 
and the recomputed values of charge-air flow is large, steps 3 anc * 
k are repeated. Usually, recalculation is not necessary. 

This method of estimating engine charge-air flow can be used 
with reasonable accuracy for conditions of 2000 rpm or above. 
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1000 brake horsepower or above, and altitudes to 1^,000 feet. The 
values of oharge-air flow for powers ranging from 1000 to 1^00 brake 
horsepower and altitudes to 11,000 feet in low blower are from 0 to 
2 percent lower than those obtained in altitude-chamber tests made 
at the Naval Air Materiel Center, Naval Air Experimental Station. 

For air flows above rated power and for high-blower operation, the 
charge-air flows as calculated are from 1 to 3 percent lower than 
those obtained in the altitude-chamber tests j however, there was 
some inconsistency in the data for the altitude-chamber tests at 
high powers. For low powers and high altitudes this method will 
not give reliable estimates. 

In order to solve for the pressure drop required to cool an 
engine at a specified operating condition, the following steps are 
taken: 

1. A value of Tp is obtained from equations (2) to (^) and 
figure 10. 

2. From the specified and T c , (T^ - T a )/(T E - T^) is 

calculated. 

3. From figure 9, a value of Mg^'^/cJAp is determined. 

U. The value of Me is calculated by use of equation (1C) and 
C[\p is obtained from the value of M e m / x /oAp. 

The Ap required can then be found by correcting for the 

density. 


Figure 18 presents temperature -limited powers calculated by 
use of the cooling correlation as functions of fuel-air ratio for 
a series of water-fuel ratios. These estimates are to be considered 
only as an indication of the cooling possibilities with water injec- 
tion. In the calculations, the temperature limits given in the 
manufacturer's operating recommendations were assumed to be an 
indication of satisfactory cooling. It is recognized that at power 
outputs in excess of the manufacturer’s ratings these temperature 
limits may not be satisfactory. 


Engine Condition 

During the test program the engine was operated at lo00 brake 
horsepower or above for considerable lengths of time. The condi- 
tions for these test runs are given in table 2. No effects of 
overheating were apparent when the engine was dismantled. The 
valves ar.d the valve guides were found to be in good condition, as 
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vere the pistons, the piston rings, and the cylinder tores. During 
the course of the tests no knock was apparent from observation of 
the exhaust flames. 


SUMMARY OF RESULTS 


From an investigation to establish a correlation of the cooling 
characteristics of the Wright R-2600-8 engine with water as an inter- 
nal coolant, the following results were obtained: 

1. A cooling correlation, including the effect of water as an 
internal coolant, was established by use of the NACA cooling- 
correlation method. 

2. A substantial increase in temperature-limited power was 
obtained by use of water injection; however, at constant charge-air 
flow and fuel-air ratio, a power loss was noted. This loss did not 
exceed 4 percent except at fuel-air ratios greater than 0.10 or 
water-fuel ratios greater than 0.25. 

3. When water was injected through nozzles located in indi- 
vidual primer-plug openings, the power loss was less than when 
injected through the carburetor spray bar with the fuel. 

4. The spread of temperatures among the various cylinders 
increased when water was injected, even when eq.ual amounts of water 
were injected to each cylinder. 


Aircraft Engine Research Laboratory , 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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APPENDIX A 

CALCULATION OF THE COOLING EFFECT OF WATER 


Several simplifying assumptions made possible a conservative 
calculation of the cooling effect of water. Dissociation phenomena 
and interference in the combustion process are neglected. The cal- 
culation is made on the basis of internal energy. The cooling effect 
of the water is accounted for as a lowering of the mean effective gas 
temperature . 

The loss cf internal energy of the dry charge as it is cooled 
by the water is equated to the gain in internal energy cf the water, 
in which the internal energy cf evaporation is included. 

The thermal capacity of the dry charge is taken as that of the 
products of combustion, assuming octane as fuel. Values of specific 
heat at constant volume c v were computed from values of the gas 
constant R and the ratio of specific heats y given in reference 9» 
from the relation 


The values for specific heat of superheated steam were derived by 
the relation 



from values of specific heat at constant pressure Cp and Y given 
in reference 10. 

The calculation was made in two steps : the cooling of the dry 
charge due to the vaporization of the water was first computed, and 
the equilibrium temperature was then calculated on the basis of the 
specific heats. 


The following table gives values of the constant K for the 
expression 


W 

" g “ \ = K F 


where 

Tj. mean effective gas temperature without water injection 

Tp mean effective gas temperature with water injection 

d. water-fuel weight ratio 


Fuel^air ratio 

0.06 

0.066 

0.07 

0.08 

0.09 

0.10 

0.11 

K 

331 

368 

386 

hi 9 


U63 

U82 


The values we re used in plotting the calculated curves of fig- 
ure 11. 
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AFPEMDIX B 


CALCULATION OF PERMISSIBLE TAKE-OFF PG,VER FROM COOLING 

AND SUPERCHARGER-CAPACITY CONSIDERATIONS 

This sample calculation of permissible take-off power is pre- 
sented to illustrate the use of equations found in the present report. 
The maximum temperature-limited power of the Wright R-2600-8 engine 
is calculated here on the basis of certain assumed conditions. These 
conditions are: 

Supercharger gear ratio low 

Rear spark-plug-gasket temperature limit, °F 1*7? 

Carburetor-air temperature , °F 90 

Cooling-air temperature, °F 90 

The cooling-air pressure drop is the same as that required for nor- 
mal take-off. 

(a) Cooling required for normal take-off: 


Fuel-air ratio = C..IO? 



(equation (10)) 


where 


bhp = 1700 
M = 2600 rpm 
A = 29 
B =2.12 


Mg = 12,107 lb/hr 
ihp = 201*0 


a t 0.10? fuel -air ratio = 931° F from figure 10. 



= 110° F 


T g = 931 + HO = lOUl 
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From figure 16(a) for limit of U73° F, 

T h = b30° F 


Then 


From figure 9(a), 


Then 


T h " T a _ U?0 - 90 

lOUl - 

= 0.609 


T_ - T h ~ lOiil - lj30 


Me 1 * 75 

— = 1.6? 

OAp 

M e = 3.36? Ib/sec 

Mg 1 * 75 = 8.18 


OAp = 3 in. water 

(b) For maximum power (assume wide-open throttle) 


Air flow at 2600 rpm from figure 17, corrected to an inlet-air tem- 
perature at 90° F, 

M e = 13,000 lb/hr 
=3.61 lb/sec 


Then 


It* -73 

e 


M. 


1.73 


OAp 


9.2 

1.8b 



O.63 


T h = 1*2?° F 


ii2? — 90 _ rp 

O.63 


b23 = 332 


T = 937° F 
g 

AT g = 110° F 

T = 8b7° F 
®80 


From figure 16(c), 
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The combinations of water-fuel ratio and fuel-air ratio for 
T g8o of 8U7° F are : 


Water-fuel ratio 

0 

0.2 

O.U 

0.6 

Fuel -air ratio 

0.11$ 

0.102 

0.091 

0.082$ 


From figure 13, the minimum specific air consumption occurs at 
a water-fuel ratio of O.U and a fuel-air ratio of 0.091 and its value 
is 5*82 lb/ihp-hr. 


ihp 


13,000 


= 223$ 


From equation (10) , 


223$ = bhp + 2$(liCf + f 

' VlOOO ) VQ.OOQ/ V1009/ 

bhp = 223$ - 23 (2.6) 2 + 2.12 (13) (2.6) 2 


bhp = 1890 
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TABLE 1. - C OOLI NG-PERF OR’IA MCE PREDICTIONS (NO KNOCK) 


Power 

condition 

Brake 

horse- 

power 

Engine 

speed 

(rpra) 

Rear 

spark- 

plug- 

gasket 

temper- 

ature 

limit 

(°F) 

Fuel- 

air 

ratio 

Water- 

fuel 

ratio 

Required 

OAp 

(in. 

water) 

Fuel 

flow 

(lb/ 

hr) 

Water 

flow 

(lb/ 

hr) 

Take-off 

1700 

2600 

U79 

0.109 

0 

9 

1270 

0 

Maximum 

1890 

2600 

179 

.091 

.k 

9 

1250 

U92 

75 percent 
cruise 

1129 

2100 

Uoo 

.090 

0 

9.U 

670 

0 

75 percent 
cruise a 

1129 

2100 

Uoo 

.060 

• 5 

9.U 

199 

190 


^Calculated by extrapolating test curves. 


TABLE 2. - ENGINE CONDITIONS FOR TEST RUNS 


OF 1600 BRAKE HORSEFO’VER OR ABOVE 


Blower 

gear 

ratio 

Brake 

horse- 

power 

Engine 

speed 

(rpm) 

Manifold 
pressure 
(in. Hg 
absolute) 

Brake mean 

effective 

pressure 

Fuel-air 

ratio 

M 

M e 

(lb/hr) 

Water- 

fuel 

ratio 

Low 

1839 

21*00 

a U8 . 9 

253 

0.092 

12,399 

0.39 

High 

1669 

2U00 

9U.9 

212 

.093 

13,067 

.53 

Low 

1929 

2U00 

a 90.8 

21*9 

.090 

13,4714 

•U3 

Low 

17UU 

21*00 

a U7.2 

221 

.090 

11,807 

• 33 

Low 

19U3 

2U00 

a 9l.8 

2U9 

.100 

15,093 

• 35 

Low 

1670 

2600 

UL.19 

196 

.100 

ll , 8LU 

0 

Low 

1607 

2600 

13.7 

189-9 

.100 

11,886 

.29 

Low 

2060 

2600 

a 93.U 

2U2 

.101 

1U,2U2 

.289 


Auxiliary boost used. 
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Fig. I 



/VAC A 
C-/379 


Figure 1. - Front view of Wright R-2600-8 engine Installation. 


Details of cowling 

5?.05y 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Figure 2. - Sketch of Wright FU2600-8 engine Installation, Including cowling details. ^ 
All dimensions In Inches. 
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Fig 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Rear-row cylinder 


Figure 3* - Location of pressure tubes used In measuring 
cooling-air pressure drop across Wright R-2600-S engine 
All dimensions in Inches. 
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Figure 4. - Spark-pl ug-gasket-t hernocoupl e detail. 
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Figs. 5,6 
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with sea-level coollng-alr pressure drop for cylinder heads. 

M e , 5000 pounds per hour; fuel-air ratio, 0.08; Wright R-2600-8 

engine. 



with charge-air flow for cylinder heads. (TAP, 12*7 Inches water; 
fuel-air ratio, 0.08; Wright R-2600-8 engine. 



Wright R-2600-8 engine. 
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(b) Cylinder barrels. 


Figure 9. - Variation of cooling-temperature , di f f eren ti al with ratio of charge-air flow and cooling- <f> 

air pressure drop. Wright R-2600-8 engine. 
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Mean effective gas temperature, 



Figure 10. - Variation of mean effective gas temperature T with fuel-air ratio for 
cylinder heads and barrels. Wright R-2600-8 engine; fuel, 60 AN-F-28, Amendment-1. 
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Fig. II a 



Figure 11. - Variation of mean effective gas temperature Tg- 
with fuel-air ratio for water-fuel ratios Indicated. 30 

Wright R-2600-g engine. 



Mean effective gas temperature 
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Fig. lib 



(b) Barrels. 


Figure 11 


Concluded 
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Fig. 12a 



Figure 12. - Variation of mean effective gas temperature Tg* 
with water-fuel ratio for cylinder heads and barrels. 

Wright R-2600-S engine. 



NACA ARR No. E5A29 

1200 
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(b) Fuel-air ratio, 0.0S. 
Figure 12. - Continued. 
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Fig. 12c 



Figure 12. - Continued. 


Mean effective gas temperature, 


NACA ARR No. E5A29 


Fig. I 2d 
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(d) Fuel-air ratio, 0.10. 
Figure 12. - Continued. 


Water-fuel ratio 
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Fig. I 2e 



(e) Fuel-air ratio, 0.113* 
Figure 12. - Concluded. 



M e /ihp, (lb/hr) /ihp 



ratio. Wright R-2600-8 engine; water injection to individual cylinders; indicated 
horsepower calculated by equation (10). 
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Fig. U 




Cylinder-head temperature, °F 


t * , V J 
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Fig. 16a 
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Figure 16. - Variation of hottest cylinder temperatures with 
average temperatures of 14 cylinders. Wright R -?600-S englt 


Temperature of hottest cylinder, °F 
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Figure 16. - Continued* 



Fig. 16c 
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Figure 16. - Concluded. 


Charge-air flow, lb/hr 
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Fig. 17 



Engine speed , rpro 

Figure 17 . - Capacity of supercharger of Wright R-2600-8 engine 
in terms of air flow and manifold pressure at standard altitude. 
Data from Naval Air Materiel Center, Naval Air Experimental 
Station. 



Puel-air ratio 

Figure 18. - Relation between fuel-air ratio and temperature- 
limited horsepower at different water-fuel ratios. Wright 
R-2600-8 engine; cooling-air pressure drop, 7 inches of water; 
average rear spark-plug-gasket temperature, U2$° F; carburetor- 
air temperature, 90° F; cooling-air temperature, 9CP F; engine 
speed, 2600 rpm. 


